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Abstract. Annual ﬂuctuations in the abundance of wild berries have repercussions on animals and
humans who depend on this important resource. Although studies have tried to disentangle the effect of
climate and herbivores on inter-annual berry yield, there are still many uncertainties as to which factors
are driving productivity. In this research, we evaluated the effect of climate and predation by rodents and
moths on the abundance of bilberry (Vaccinium myrtillus) ﬂowers and berries at the Kilpisj€arvi Biological
Station in northwest Finnish Lapland. The data were collected from 1973 to 2014 in a forest and an alpine
site, both undisturbed by human activities. This dataset is unique due to the length of the sampling period,
the availability of ﬂower, berry, and rodent abundance data as well as the undisturbed nature of the habi-
tat. Previous summer temperatures, the abundance of rodents, and the presence of a moth outbreak were
complementary factors explaining the abundance of ﬂowers. Herbivores had a larger impact on ﬂower
production than climate, but both variables were important to understand reproductive effort. Contrary to
results from experimental studies, warmer winters did not signiﬁcantly inﬂuence reproductive success.
The abundance of fruits was strongly correlated with pollinator activity; the forest site, with a larger polli-
nator network, had a higher reproductive success and spring conditions were linked to inter-annual vari-
ability in fruit production. Our results illustrate the importance of the location of the population within the
species distribution range to understand plant sensitivity to climatic ﬂuctuations with fruit production
only inﬂuenced by current year summer temperatures at the alpine site. Finally, we observed a general
increase in ﬂower and fruit production at the alpine site, which was driven by large yields since the early
1990s. Fruit production at the forest site was comparatively stable throughout the study period.
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Wild berries are key resources harvested by
humans and animals in alpine and boreal ecosys-
tems (Parlee and Berkes 2006, Turtiainen et al.
2011, Vaara et al. 2013, Cuerrier et al. 2015). In
Finland, over half the population harvest berries
and the activity is protected by the “everyman’s
right,” the traditional right to access private and
public forests (Pouta et al. 2006). Annual yield of
bilberry (Vaccinium myrtillus L.) in Finland is esti-
mated to vary between 92 and 312 million kg
with about 5–6% of this production harvested for
human consumption (Turtiainen et al. 2013). The
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species is widespread over Eurasia (Ritchie 1956)
and is the most abundant forest ﬂoor shrub in
Scandinavia (Nielsen et al. 2007). It is a major
food source for small mammals (i.e., hare and
vole; Andersson and Jonasson 1986, Hjalten et al.
2004), brown bears (Persson et al. 2001), moths,
and a variety of birds (Atlegrim 1989, Honka-
vaara et al. 2007, Hofstetter et al. 2015).
Bilberry fruit production is expected to be sen-
sitive to climate, herbivores, and forest manage-
ment practices. Depending on the region and
period studied, a number of climate factors have
been found to explain bilberry yields. Those fac-
tors pertained to four stages of ﬂower and fruit
development: (1) temperature and precipitation
in the year prior that inﬂuence ﬂower primor-
dia, (2) winter temperature and snow cover that
may prevent or induce frost injuries and desic-
cation, (3) spring snow cover, temperature, and
precipitation that may be favorable or not to
ﬂower bloom and pollinator activities, and (4)
summer temperature and precipitation that
determine the number of pollinated ﬂowers pro-
ducing viable fruits (Jacquemart 1997, Selas
2000, Krebs et al. 2009, Selas et al. 2015).
The main effects of climate change on V. myr-
tillus are expected to be winter (Taulavuori et al.
2013) and spring (Wipf et al. 2009) warming com-
bined with a thinner layer of snow (Tahkokorpi
et al. 2007). Warm conditions in the winter and
spring are associated with early dehardening,
exposure to drought (Rixen et al. 2010, Selas et al.
2015), and frost injuries (Tolvanen 1997). The
fecundity (i.e., proportion of shoots with ripe
fruits) has been found to be unrelated to snow
cover and the species may recover vegetatively
from frost injury through stimulated shoot elon-
gation, although the number of ﬂower buds
aborted increases with the number of frost days
after greening (Wipf et al. 2009).
Among animals relying on bilberry are exclu-
sive frugivores, feeding on berries with little
impact on the plant integrity, and opportunistic
feeders eating both fruits and shoots. The berry
eaters are mainly brown bears and birds. In north-
ern Norway, bilberry was found to be an impor-
tant part of the brown bear diet throughout the
year and especially in the fall where it can make
up to 9% of fecal volume (FV; all berries combined
made 63% of FV; Persson et al. 2001). Frugivorous
birds were associated with increased germinability
of passed bilberry seeds (Honkavaara et al. 2007),
and the abundance of some species has been corre-
lated with bilberry cover (Hofstetter et al. 2015).
While frugivorous species may eat a signiﬁcant
number of berries (Cadieux et al. 2005), they have
little impact on plant integrity. On the other hand,
moth outbreaks were found to reduce seed crop
(Selas et al. 2013) and microtine grazing may
remove up to 40% of bilberry phytomass during
pre-peak winters (Andersson and Jonasson 1986).
Semi-domesticated reindeer herds have signiﬁcant
impact on the vegetation in northern Fennoscan-
dia; however, studies suggest that the cover of eri-
coid shrubs is not strongly affected by reindeer
trampling and grazing (Brathen et al. 2007, Kum-
pula et al. 2011).
Most forests in the Nordic countries and
throughout Europe are affected by varying levels
of management, and some practices are believed
to be responsible for a recent decline in berry avail-
ability measured on average in Finnish forests
(Reinikainen et al. 2000). Contrasting effects may
at least partly be attributed to shading. Studies
have shown that younger and denser forests have
lower bilberry yield (Zmihorski 2011, Kilpel€ainen
et al. 2016), although a negative effect of forest age
on reproductive success has been found in some
regions (Nielsen et al. 2007). Kuusipalo (1988)
determined that even if bilberry fertility is highest
in open stands, the species also exhibits high fertil-
ity under heavy shading, which may be related to
different allocation strategies under stressful con-
ditions. Alternatively, Miina et al. (2009) suggested
that bilberry yield increases with stand age up to a
certain threshold, after which it gradually falls.
In this study, we evaluated the effect of climate
and herbivore activity on the abundance of bil-
berry ﬂowers and berries at the Kilpisj€arvi Bio-
logical Station located in northwest Finnish
Lapland. The data were collected from 1973 to
2014 in a forest and an alpine site, both undis-
turbed by human activities. This study comple-
ments a previous data synthesis performed at
this site (Laine and Henttonen 1983). We hypoth-
esize that, following results from experimental
studies, bilberry ﬂower and berry production
should be sensitive to winter (Taulavuori et al.
2013) and spring (Wipf et al. 2009) conditions,
notably snow cover (Tahkokorpi et al. 2007) and
temperatures (Rixen et al. 2010). We expect bil-
berry plants located at the alpine site to be more
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sensitive to summer temperatures as this repre-
sents the edge of the range for V. myrtillus (Rixen
et al. 2010). Following results from preliminary
analyses (Laine and Henttonen 1983) and ﬁeld
observations, we also hypothesize that geometrid
moth outbreaks and microtine grazing should
have a signiﬁcant impact on plant ﬁtness
although this impact might vary between sites.
MATERIALS AND METHODS
Study species
Vaccinium myrtillus (bilberry) is a deciduous,
clonal dwarf shrub, 10–60 cm tall with an exten-
sive rhizome system (Jacquemart and Thompson
1996). The ﬂowers are single or rarely in pairs in
the leaf axils and present green to purple pendu-
lous urceolate corollas (Ritchie 1956). The plants
reproduce extensively through clonal growth and
to a lesser extent from seeds (Ritchie 1956). Stud-
ies show different results regarding selﬁng rates
(i.e., degree of self-pollination): While some identi-
ﬁed an intermediate selﬁng rate (Jacquemart and
Thompson 1996), others found that the species
may require insect pollination (Nuortila et al.
2002). Vaccinium myrtillus is found throughout
Eurasia and reaches its climatic optimum in
northern Europe (Coudun and Gegout 2007). It is
most commonly found on poorly drained and
slightly moist to fairly wet acidic soils (Jacquemart
and Thompson 1996). The species is moderately
resistant to frost damage (Palacio et al. 2015).
Study sites
The Kilpisj€arvi region (69°030 N 20°480 E) is
located in northwest Finnish Lapland and is the
only part of Finland extending into the Scandina-
vian mountain range (Fig. 1a). Long-term follow-
up studies form the core of the research activities,
and the station is part of the Long-Term Ecologi-
cal and Socio-Ecological Research networks.
There is a substantial snow cover from October to
May–June, and snow melts from the mountain
birch forest zone (tree line at 600 a.s.l.) in early
June. The growing season is one of the shortest in
continental Europe (about 100 d when mean daily
temperature is ≥5°C; University of Helsinki 2015).
The study plots were located in two vegeta-
tion types: (1) the alpine heath (680 m a.s.l.,
69°04.0800 N, 20°49.4220 E) dominated by V. myr-
tillus and Phyllodoce caerulea (Fig. 1b, c), and (2) the
mountain birch forest (500 m a.s.l., 69°02.6490 N,
20°48.8290 E) dominated by V. myrtillus and Cor-
nus suecica (see University of Helsinki 2015 for
complete species list; Fig. 1d). At the study sites,
the rodent community consists mainly of the gray-
sided vole (Clethrionomys rufocanus) and to a lesser
extent the ﬁeld vole (Microtus agrestis), the red vole
(Clethrionomys rutilus), and the Norwegian lem-
ming (Lemmus lemmus; Hansen et al. 1999). Voles
eat berries as well as current year twigs with
leaves, while the Norwegian lemming feeds exclu-
sively on mosses. A detailed description of rodent
research at Kilpisj€arvi can be found in Kalela
(1957), Henttonen et al. (1977), Laine and Hentto-
nen (1983), Henttonen et al. (1987) as well as in
J€arvinen (1987). Semi-domesticated reindeer are
present in the region, although their impact on the
study plots has not been measured. No traces of
bear were ever observed in the vicinity of the
study plots.
Field sampling
Daily meteorological data were retrieved from
the Kilpisj€arvi Biological Station records. The
semi-automatized meteorological tower is located
close to the research station at 480 m a.s.l. and
records data every 10 min. Data quality control is
performed for every observation by the Finnish
Meteorological Institute. Available data include
temperature, total precipitation, and snow cover
for the period 1961–2015. The study area con-
sisted of one 2 9 5 m plots in the alpine and for-
est sites. The abundance of ﬂowers and berries
was monitored within 40 permanent quadrats of
0.25 m² in each plot. The number of ﬂowers was
counted when most were in bloom although all
ﬂowers including ﬂower buds were counted in
the last week of June or at the beginning of July.
The total number of berries was recorded when
most were ripped during the second or third
week of September. The alpine site was systemati-
cally monitored 1 week after the forest site.
The trapping method for rodents consisted of
pairs of snap traps (the Finnish model) placed in
lines at 7-m intervals and located 1–2 m from a
signpost noting their location. Trap lines were
300–500 m long and located through a mosaic of
moist and dry habitats, starting at low altitude in
the birch forest and up to the tree line. The loca-
tion of the lines has remained consistent since
1950. Traps were baited with bread, set on day 1,
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checked on day 2, and rechecked and removed
on day 3. From 1950 to 1979, the number of trap
nights per trapping period varied, with a mini-
mum of 500 and usually many more. Since 1980,
there has been a ﬁxed trapping scheme with
about 1000 trap nights per period. For the pre-
sent analysis, we used an index of the abundance
of rodents per 100 trap nights to account for the
varying sampling effort. The spring trapping
was done immediately after snow melted, in
early to mid-June, and the fall trapping was done
in mid-September. The gray-sided vole breeding
occurs almost exclusively during the summer
between the spring and fall samplings (Kalela
1957, Kaikusalo and Tast 1984). The spring sam-
pling represents animals that have survived the
winter and have established breeding home
ranges (males) and territories (females; Hansen
et al. 1999). The abundance of rodents at the
alpine site is lower than at the forest site; how-
ever, populations vary in synchrony (J€arvinen
1987); thus, results from the trap line were used
for the analyses at both sites. The occurrence of
geometrid moth (Epirrita autumnata) outbreaks
was qualitatively assessed during ﬂower count in
the spring. Geometrid moth outbreaks are strik-
ing in the ﬁeld. The insect eats birch leaves until
the resource is exhausted, after which they start
eating current year shoots and buds of shrubs,
including bilberry.
Statistical analyses
Monthly averages of temperature, snow cover,
and total precipitation were calculated from the
Fig. 1. Study sites in the vicinity of Kilpisj€arvi Biological Station, NW Lapland: (a) location of the Kilpisj€arvi
region (map generated with GADM 2016), (b) location of the study sites (map generated with ggmap; Kahle and
Wickham 2013), (c) photographs of the alpine, and (d) forest permanent plots (photographs from Kari Laine).
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daily meteorological data collected at the Kil-
pisj€arvi Biological Station. We tested the vari-
ables used in the model for linear trends using
the F-statistic. The ﬂower counts and berry pro-
ductivity data were available at the plot level for
the period 1985–2014. Unfortunately, due to the
loss of the original dataset, we only had access to
the average per site for the period 1973–1984.
Since we were not interested in the variance
structure of the nested design, the mean berry
production for each year was used in the statisti-
cal analyses. Statistical analyses were performed
using R software (R Core Team 2016).
We tested the ﬂower and berry time series for
linear trend using the F-statistic for the entire
monitoring period as well as separately for the
periods 1973–1990 and 1991–2014. We evaluated
the difference in the abundance of ﬂowers and
berries with a paired t test. The reproductive suc-
cess was calculated as the ratio of the total num-
ber of fruits to the number of ﬂowers for each
site. We tested the berry and ﬂower time series
for autocorrelation at each site using an auto-
regressive moving average (ARMA) model with
a lag of 1 and 2 (corARMA function in mgcv and
nlme R libraries). This allowed us to measure the
inﬂuence of year-to-year productivity, that is,
whether a productive year might negatively
affect the productivity in the subsequent year by
depleting plant resources. We tested the correla-
tion between the rodent abundance index in June
and September using the Pearson coefﬁcient.
We used four generalized linear models (GLMs)
to evaluate the inﬂuence of standardized environ-
mental variables ((variable  mean of variable)/s-
tandard deviation of variable), the standardized
rodent abundance index (number of rodent
trapped/100 trap nights) as well as the presence/
absence of a geometrid moth outbreak on berry
and ﬂower productivity at the forest and alpine
sites. We constructed four Poisson GLMs, one for
each combination of production (berry and ﬂower)
and site (forest and alpine). Since we detected
overdispersion, we corrected the standard errors
using a quasi-GLM where the variance is given by
Φ ~ l, where l is the mean and Φ the dispersion
parameter (Zuur et al. 2009). This transformation
provides the same coefﬁcient estimates, residual
deviance, and degrees of freedom as the Poisson
distribution, but adjusts the inference parameters
(i.e., CI, P-values) to address overdispersion. Based
on ecological assumptions as well as the literature,
the explanatory variables selected for the abun-
dance of ﬂowers were (1) mean total precipitation
from July to September of the previous year, (2)
mean temperature from July to September of the
previous year, (3) number of days with tempera-
ture above 0°C from November to April of the cur-
rent year, (4) mean snow cover from November to
April of the current year, (5) mean snow thickness
in May of the current year, (6) mean temperature
in May of the current year, (7) mean total precipi-
tation in June of the current year, (8) mean temper-
ature in June of the current year, (9) the abundance
of rodents in June of the previous year, (10) the
abundance of rodents in June of the current year,
and (11) presence/absence of a geometrid moth
outbreak during the previous year (only at the for-
est site because moths were never observed at the
alpine site). The variables selected for berry pro-
ductivity were (1) mean total precipitation from
July to September of the current year, (2) mean
temperature from July to September of the current
year, (3) mean snow thickness in May of the cur-
rent year, (4) mean temperature in May of the cur-
rent year, (5) mean total precipitation in June of
the current year, (6) mean temperature in June of
the current year, (7) the abundance of rodents in
September of the current year, and (8) the ﬂower
index of the current year (standardized number of
ﬂowers). In both cases, the ﬁnal models were cho-
sen following a backward selection method; that
is, the variables with the lowest ﬁt were succes-
sively dropped. We validated our ﬁnal models by
visual evaluation of the plotted response and by
Pearson’s scaled and deviance residuals (Zuur
et al. 2009).
RESULTS
There was a high degree of variability in the cli-
mate variables tested for the period 1973–2014
(Fig. 2). Mean annual temperature was 2  0.16
(SE)°C and mean temperature from July to
September was 8  0.14 (SE)°C. The number of
days with temperature above 0°C from November
to April was 13  1 (SE) day. Mean snow cover
from November to April was 650  28 (SE) mm,
and mean total precipitation from July to Septem-
ber was 510  26 (SE) mm. We detected signiﬁ-
cant positive trends (P < 0.05) in the mean
summer temperature from July to September and
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the sum of days above 0°C from November to
April.
The abundance of ﬂowers ﬂuctuated from 0 to
867 ﬂowers/m2 with signiﬁcantly more ﬂowers
produced at the alpine than at the forest site
(P < 0.01; average of 281  38 [SE] and 70  8
[SE] ﬂowers/m2 for the alpine and forest site,
respectively; Fig. 3a). We observed a positive
trend for the abundance of ﬂowers at the alpine
site for the period 1973–2014 (P < 0.01), which
was driven by a large increase after 1990 (estimate
of the slope for 1973–1990: 1.33 [P > 0.05]; esti-
mate of the slope for 1991–2014: 16.03 [P < 0.05]).
No such trend was observed for the abundance of
ﬂowers at the forest site. The abundance of berries
ranged from 0 to 113 berries/m2 and there was a
similar number produced at each site (P > 0.05;
36  5 [SE] and 28  5 [SE] berries/m2 for the
alpine and forest site, respectively; Fig. 3b). There
was a positive trend for the abundance of berries
at the alpine site for the period 1973–2014
(P < 0.01), which was once again driven by a large
increase after 1990 (estimate of the slope for 1973–
1990: 1.05 [P > 0.05]; estimate of the slope for
1991–2014: 2.52 [P < 0.01]). Althoughwe observed
more berries at the forest site after 1990, there was
no signiﬁcant trend for the period studied. The
reproductive success at the forest site was twice
that of the alpine site (average of 0.18  0.005 [SE]
and 0.44  0.011 [SE] for the alpine and forest site,
respectively; Fig. 3c). No autocorrelation of ﬁrst or
second order was detected in the ﬂower and berry
Fig. 2. Climate variables used for modeling ﬂower and berry abundance for the period 1972–2015 at the
Kilpisj€arvi Biological Station: (a) mean monthly temperature from July to September (°C), (b) mean total monthly
precipitation from July to September (°C), (c) mean May temperature (°C), (d) May snow cover (mm), (e) mean
June temperature (°C), (f) mean total June precipitation (mm), (g) sum of days >0°C from November to April,
and (h) mean snow cover from November to April (mm). Blue lines present signiﬁcant linear trends (P < 0.05).
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time series. The rodent time series had cyclic abun-
dance with peaks at a similar level for the period
1973–2014, except for the last two peaks (2010 and
2014) during which the population was exception-
ally large (Fig. 3d). There was a signiﬁcant correla-
tion between rodent abundance in June and
September (0.59 [P < 0.001]).
Despite the large number of variables tested,
we obtained succinct models that explained a
large proportion of the variance in the abun-
dance of ﬂowers and berries (Table 1). Unless
otherwise mentioned, all variables included in
the models were signiﬁcant at P < 0.05. The best
model for the abundance of ﬂowers at the forest
site included a positive effect of the mean tem-
perature from July to September of the previous
year as well as a negative effect of geometrid
moth outbreaks and the abundance of rodents in
June of the previous year (49% of the variance
explained by the model). However, the variable
“abundance of rodents in June of the previous
year” in this model was only marginally signiﬁ-
cant (P = 0.10). The best model for the abun-
dance of ﬂowers at the alpine site included a
positive effect of the mean temperature from July
to September of the previous year and a negative
effect of the abundance of rodents in June of the
previous year (26% of the variance explained by
the model). The best model for the abundance of
berries at the forest site included a positive effect
of the mean snow thickness and the ﬂower index
in the current year as well as a negative effect of
the mean temperature in May of the current year
(47% of the variance explained by the model).
Finally, the best model for the abundance of ber-
ries at the alpine site included a positive effect of
the mean total precipitation in June, the mean
temperature from July to September, and the
ﬂower index of the current year (63% of the vari-
ance explained by the model).
Fig. 3. Abundance of (a) ﬂowers and (b) berries (nb/m2) as well as (c) reproductive success (number of berries/
number of ﬂowers) at the alpine and forest sites along with (d) rodent abundance index (number of rodent
trapped/100 trap nights) in June and September. Geometrid moth outbreaks at the forest site are marked with an
asterisk ().
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DISCUSSION
This study is based on the longest known
record of Vaccinium myrtillus reproduction and
links the inﬂuence of climate and herbivores to the
abundance of ﬂowers and berries. Following most
recent berry yield analyses (Krebs et al. 2009, Selas
et al. 2015), we found no autocorrelation in the
time series indicating the absence of an inherent
annual rhythm in ﬂower and berry production.
Instead, we observed the complex response of
reproductive success to environmental stressors,
climate, pollinator activity, and predation.
The number of ﬂowers recorded at the alpine
site was greater than in the forest site, which is in
accordance with results from other studies in
open and forested sites (Elisabetta et al. 2013) and
may be related to higher radiation and decreasing
apical dominance (Tolvanen 1995). The similar
number of berries between sites indicates that the
reproductive success (number of fruits/number of
ﬂowers) was much higher at the forest site. Repro-
ductive success is expected to be inﬂuenced by
pollinator activity and environmental conditions.
More complex ecosystems, such as the forest site,
can sustain larger pollinator networks (Vaupel
and Matthies 2012). Moreover, pollinator special-
ization and diversity decrease rapidly with
increasing elevation, resulting in higher-altitude
sites having few generalist species (Hoiss et al.
2015). Moreover, environmental stressors can
cause ﬂowers to be less receptive to pollen. Jac-
quemart and Thompson (1996) demonstrated that
fruit set was lowest on days preceded or followed
by very cold nights, suggesting that pollen func-
tion, stigma receptivity, or other physiological
aspects of fertilization were adversely affected by
cold temperatures. Frost inﬂuences ﬂower open-
ing, damages newly opened ﬂowers and ﬂowers
opened a few days before (Jacquemart and
Thompson 1996). The importance of pollinator
activity and environmental stressors on reproduc-
tive success in this study is also shown by the
inﬂuence of spring conditions on berry abundance
at both sites. However, the response observed was
complex with temperatures in May having a neg-
ative effect on the abundance of berries in the for-
est, but the temperatures in June having a positive
effect at the alpine site. Finally, in accordance with
results from snow manipulation experiments
(Wipf et al. 2009), we observed that May snow
cover had a positive impact on reproductive suc-
cess in the forest, meaning that a later snow cover
is actually beneﬁcial to plant ﬁtness.
Rixen et al. (2010) found that annual growth of
V. myrtillus was better at lower elevations than at
higher ones, but only in years with relatively cold
summers. Climate may then affect plant species
differently depending on the location of the popu-
lation within the species distribution range. Simi-
larly, we observed a positive inﬂuence of the
mean temperature from July to September on the
alpine, but not the forest berry yield. Summer
temperature must be a limiting factor at the alpine
site where it improved annual bilberry perfor-
mance throughout the study period. Contrary to
Table 1. Variables and percentage of variance explained for the four time series tested as well as the slope (stan-
dard error) of the variables included in the models.
Time series Percentage of variance explained Variables Slopes (SE)
Flower
Forest 49 Mean temp. July–Sept (t  1) 0.401 (0.107)**
Abun. rodent June (t  1) 0.188 (0.110)*
Moth outbreak (t) 2.911 (0.867)**
Alpine 26 Mean temp. July–Sept (t  1) 0.262 (0.125)**
Abun. rodent June (t  1) 0.432 (0.177)**
Berry
Forest 47 Mean May temp. (t) 0.309 (0.132)**
Mean May snow thickness (t) 0.256 (0.108)**
Flower index 0.535 (0.132)**
Alpine 63 Mean total June. ppt. (t) 0.357 (0.098)**
Mean temp. July–Sept (t) 0.316 (0.108)**
Flower index 0.356 (0.090)**
Note: Asterisks indicate degree of signiﬁcance of the variables selected in models (P < 0.05, P = 0.1).
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results from snow removal and warming experi-
ments (Rixen et al. 2010, Taulavuori et al. 2013),
we did not observe a signiﬁcant impact of warm
winter temperatures. Although there has been a
signiﬁcant increase in winter temperatures since
1973, current changes in winter conditions must
not yet be large enough to affect bilberry plants at
this site (Ogren 1996, Wipf et al. 2009).
As was obvious in the ﬁeld, the analyses
indicated a signiﬁcant effect of geometrid moth
outbreaks on ﬂower production. In the 5 yr where
moth outbreaks were recorded, ﬂower produc-
tion was low. Although outbreaks are common in
the region, we may expect them to be more
frequent with predicted increase in winter tem-
peratures (IPCC 2013, Young et al. 2014). In accor-
dance with Laine (1978) and Laine andHenttonen
(1983), we observed a synchrony between the
abundance of ﬂowers in the current year and
the abundance of rodents in the previous year.
The abundance of rodents only affected the num-
ber of ﬂowers and not berry yield, which suggests
that rodent species mainly eat plant vegetative
structures and ﬂower buds rather than berries, at
least during the summer. The strength of the rela-
tionship between the abundance of rodents and
ﬂowers was more than twice as much in the
alpine than in the forest site. These results may be
linked to higher grazing pressure during the win-
ter at the alpine site (Virtanen et al. 2002, Kor-
slund and Steen 2006). Other herbivores such as
hares, birds, and reindeer could have had an effect
on the abundance of ﬂowers and berries over the
study period; however, we do not have the data
to explain their inﬂuence on bilberry. Finally, even
if herbivores have a larger impact on ﬂower pro-
duction than climate variables, the inﬂuence of
previous summer temperatures is signiﬁcant and
important to understand reproductive effort.
The unique study design and length of observa-
tions of this research allowed us to obtain a rela-
tively clear signal of the effects of climate and
herbivores on V. myrtillus. Contrary to results from
experimental studies, warmer winter temperatures
did not signiﬁcantly inﬂuence reproductive suc-
cess. Instead, previous summer temperatures, the
abundance of rodents, and moth outbreaks were
found to determine the abundance of ﬂowers. We
also observed that conditions affecting pollinator
activity were key to understand the abundance of
berries. These were twofold, namely that spring
conditions inﬂuence fruit set and that larger
pollinator networks increase reproductive success.
In contrast to some results from managed forests
sites in southern locations (Reinikainen et al.
2000), we did not ﬁnd a decline in the abundance
of berries at the forest site. On the contrary, yields
have generally been higher since the early 1990s
than for period from 1973 to 1990, which suggests
that forest management practices may have a neg-
ative impact on productivity. However, the differ-
ent responses to summer temperature observed
between sites in this study also suggest that
climate affects populations differently depending
on their location within the species distribution
range. As such, populations located on the warmer
end of the distribution range may be negatively
affected by warming temperatures.
ACKNOWLEDGMENTS
Special thanks to the Kilpisj€arvi Biological Station
who bravely kept the bilberry monitoring program
alive during the past 30 yr and to Greg Henry for com-
ments on the manuscript. This work was made possi-
ble by the ﬁnancial support of the Natural Sciences
and Engineering Research Council of Canada, Arc-
ticNet, and the W. Garﬁeld Weston Foundation.
LITERATURE CITED
Andersson, M., and S. Jonasson. 1986. Rodent cycles in
relation to food resources on an alpine heath. Oikos
46:93–106.
Atlegrim, O. 1989. Exclusion of birds from bilberry
stands: impact on insect larval density and damage
to bilberry. Oecologia 79:136–139.
Brathen, K. A., R. A. Ims, N. G. Yoccoz, P. Fauchald,
T. Tveraaand, and V. H. Hausner. 2007. Induced
shift in ecosystem productivity? Extensive scale
effects of abundant large herbivores. Ecosystems
10:773–789.
Cadieux, M. C., G. Gauthier, and R. J. Hughes. 2005.
Feeding ecology of Canada geese (Branta canadensis
interior) in sub-Arctic inland tundra during brood-
rearing. Auk 122:144–157.
Coudun, C., and J.-C. Gegout. 2007. Quantitative
prediction of the distribution and abundance of
Vaccinium myrtillus with climatic and edaphic fac-
tors. Journal of Vegetation Science 18:517–524.
Cuerrier, A., N. D. Brunet, J. Gerin-Lajoie, A. Downing,
and E. Levesque. 2015. The study of Inuit knowl-
edge of climate change in Nunavik, Quebec: a mixed
methods approach. Human Ecology 43:379–394.
 ❖ www.esajournals.org 9 January 2017 ❖ Volume 8(1) ❖ Article e01654
BOULANGER-LAPOINTE ET AL.
Elisabetta, B., G. Flavia, F. Paolo, L. Giorgio, S. G.
Attilio, L. S. Fiorella, and N. Juri. 2013. Nutritional
proﬁle and productivity of bilberry (Vaccinium
myrtillus L.) in different habitats of a protected area
of the Eastern Italian Alps. Journal of Food Science
78:673–678.
GADM [Database of Global Administrative Areas].
2016. Global Administrative Areas. Boundaries
without limits. http://www.gadm.org/
Hansen, T. F., N. C. Stenseth, and H. Henttonen. 1999.
Multiannual vole cycles and population regulation
during long winters: an analysis of seasonal den-
sity dependence. American Naturalist 154:129–139.
Henttonen, H., A. Kaikusalo, J. Tast, and J. Viitala.
1977. Interspeciﬁc competition between small
rodents in subarctic and boreal ecosystems. Oikos
29:581–590.
Henttonen, H., T. Oksanen, A. Jortikka, and V. Hauk-
isalmi. 1987. How much do weasels shape micro-
tine cycles in the northern Fennoscandian taiga?
Oikos 50:353–365.
Hjalten, J., K. Danell, and L. Ericson. 2004. Hare and
vole browsing preferences during winter. Acta
Theriologica 49:53–62.
Hofstetter, L., R. Arlettaz, K. Bollmann, and V. Braunisch.
2015. Interchangeable sets of complementary habi-
tat variables allow for ﬂexible, site-adapted wildlife
habitat management in forest ecosystems. Basic
and Applied Ecology 16:420–433.
Hoiss, B., J. Krauss, and I. Steffan-Dewenter. 2015.
Interactive effects of elevation, species richness and
extreme climatic events on plant-pollinator net-
works. Global Change Biology 21:4086–4097.
Honkavaara, J., H. Siitari, V. Saloranta, and J. Viitala.
2007. Avian seed ingestion changes germination
patterns of bilberry, Vaccinium myrtillus. Annales
Botanici Fennici 44:8–17.
IPCC. 2013. Climate change 2013: the physical science
basis. Cambridge University Press, Cambridge, UK
and New York, New York, USA.
Jacquemart, A. L. 1997. Pollen limitation in three sym-
patric species of Vaccinium (Ericaceae) in the Upper
Ardennes, Belgium. Plant Systematics and Evolu-
tion 207:159–172.
Jacquemart, A. L., and J. D. Thompson. 1996. Floral
and pollination biology of three sympatric Vac-
cinium (Ericaceae) species in the Upper Ardennes,
Belgium. Canadian Journal of Botany 74:210–221.
J€arvinen, A. 1987. Microtine cycles and plant produc-
tion: What is cause and effect? Oikos 49:352–357.
Kahle, D., and H. Wickham. 2013. ggmap: spatial visu-
alization with ggplot2. R Journal 5:144–161.
Kaikusalo, A., and J. Tast. 1984. Winter breeding of
microtine rodents at Kilpisj€arvi, Finnish Lapland.
Pages 121–130 in J. F. Merritts, editor. Winter
ecology of small mammals. Carnegie Museum of
Natural History, Pittsburgh, Pennsylvania, USA.
Kalela, O. 1957. Regulation of reproduction rate in
subarctic populations of the vole, Clethrionomys
rufocanus. Annales Academiae Scientiarum Fenni-
cae Series A IV Biologica 34:1–60.
Kilpel€ainen, H., J. Miina, R. Store, K. Salo, andM. Kurttila.
2016. Evaluation of bilberry and cowberry yield
models by comparing model predictions with ﬁeld
measurements from North Karelia, Finland. Forest
Ecology and Management 363:120–129.
Korslund, L., and H. Steen. 2006. Small rodent winter
survival: Snow conditions limit access to food
resources. Journal of Animal Ecology 75:156–166.
Krebs, C. J., R. Boonstra, K. Cowcill, and A. J. Kenney.
2009. Climatic determinants of berry crops in the
boreal forest of the southwestern Yukon. Botany-
Botanique 87:401–408.
Kumpula, J., S. Stark, and Ø. Holand. 2011. Seasonal
grazing effects by semi-domesticated reindeer on
subarctic mountain birch forests. Polar Biology
34:441–453.
Kuusipalo, J. 1988. Factors affecting the fruiting of bil-
berries: an analysis of categorical data set. Vegeta-
tio 76:71–77.
Laine, K. 1978. Piirteit€a kukinnan sek€a marja- ja siemen-
satojen vuotuisista vaihteluista Kilpisj€arvell€a (Aspects
of annual variations in the number of ﬂowers, berries
and seeds in the Kilpisj€arvi area). Kilpisjarvi Notes
2:12–16.
Laine, K., and H. Henttonen. 1983. The role of plant
production in microtine cycles in northern
Fennoscandia. Oikos 40:407–418.
Miina, J., J. P. Hotanen, and K. Salo. 2009. Modelling
the abundance and temporal variation in the pro-
duction of bilberry (Vaccinium myrtillus L.) in Fin-
nish mineral soil forests. Silva Fennica 43:577–593.
Nielsen, A., O. Totland, and M. Ohlson. 2007. The
effect of forest management operations on popula-
tion performance of Vaccinium myrtillus on a land-
scape-scale. Basic and Applied Ecology 8:231–241.
Nuortila, C., J. Tuomi, and K. Laine. 2002. Inter-parent
distance affects reproductive success in two clonal
dwarf shrubs, Vaccinium myrtillus and Vaccinium
vitis-idaea (Ericaceae). Canadian Journal of Botany
80:875–884.
Ogren, E. 1996. Premature dehardening in Vaccinium
myrtillus during a mild winter: A cause for winter
dieback? Functional Ecology 10:724–732.
Palacio, S., A. Lenz, S. Wipf, G. Hoch, and C. Rixen.
2015. Bud freezing resistance in alpine shrubs
across snow depth gradients. Environmental and
Experimental Botany 118:95–101.
Parlee, B., and F. Berkes. 2006. Indigenous knowledge
of ecological variability and commons management:
 ❖ www.esajournals.org 10 January 2017 ❖ Volume 8(1) ❖ Article e01654
BOULANGER-LAPOINTE ET AL.
a case study on berry harvesting from Northern
Canada. Human Ecology 34:515–528.
Persson, I.-L., S. Wikan, J. E. Swenson, and I. Mys-
terud. 2001. The diet of the brown bear Ursus arctos
in the Pasvik Valley, northeastern Norway. Wildlife
Biology 7:27–37.
Pouta, E., T. Sievanen, and M. Neuvonen. 2006. Recre-
ational wild berry picking in Finland—reﬂection of
a rural lifestyle. Society & Natural Resources
19:285–304.
R Core Team. 2016. R: a language and environment for
statistical computing. R Foundation for Statistical
Computing, Vienna, Austria. http://www.R-project.
org/
Reinikainen, A., R. M€akip€a€a, I. Vanha-Majamaa, and
J.-P. Hotanen. 2000. Kasvit muuttuvassa mets€alu-
onnossa [Effects of the changes in land use and for-
est management on vegetation]. Tammi, Helsinki,
Finland.
Ritchie, J. C. 1956. Vaccinium myrtillus L. Journal of
Ecology 44:291–299.
Rixen, C., C. Schwoerer, and S. Wipf. 2010. Winter
climate change at different temporal scales in
Vaccinium myrtillus, an arctic and alpine dwarf
shrub. Polar Research 29:85–94.
Selas, V. 2000. Seed production of a masting dwarf
shrub, Vaccinium myrtillus, in relation to previous
reproduction and weather. Canadian Journal of
Botany 78:423–429.
Selas, V., S. Kobro, and G. A. Sonerud. 2013. Popula-
tion ﬂuctuations of moths and small rodents in
relation to plant reproduction indices in southern
Norway. Ecosphere 4:1–11.
Selas, V., A. Sonsteby, O. M. Heide, and N. Opstad.
2015. Climatic and seasonal control of annual
growth rhythm and ﬂower formation in Vaccinium
myrtillus (Ericaceae), and the impact on annual
variation in berry production. Plant Ecology and
Evolution 148:350–360.
Tahkokorpi, M., K. Taulavuori, K. Laine, and
E. Taulavuori. 2007. After-effects of drought-
related winter stress in previous and current year
stems of Vaccinium myrtillus L. Environmental and
Experimental Botany 61:85–93.
Taulavuori, K., K. Laine, and E. Taulavuori. 2013.
Experimental studies on Vaccinium myrtillus and
Vaccinium vitis-idaea in relation to air pollution and
global change at northern high latitudes: a review.
Environmental and Experimental Botany 87:
191–196.
Tolvanen, A. 1995. Aboveground growth habits of two
Vaccinium species in relation to habitat. Canadian
Journal of Botany 73:465–473.
Tolvanen, A. 1997. Recovery of the bilberry (Vaccinium
myrtillus L.) from artiﬁcial spring and summer frost.
Plant Ecology 130:35–39.
Turtiainen, M., J. Miina, K. Salo, and J.-P. Hotanen.
2013. Empirical prediction models for the coverage
and yields of cowberry in Finland. Silva Fennica
47:577–593.
Turtiainen, M., K. Salo, and O. Saastamoinen. 2011.
Variations of yield and utilisation of bilberries (Vac-
cinium myrtillus L.) and cowberries (V. vitis idaea L.)
in Finland. Silva Fennica 45:237–251.
University of Helsinki. 2015. The Kilpisjarvi Biological
Station. http://www.helsinki.fi/kilpis/
Vaara, M., O. Saastamoinen, and M. Turtiainen. 2013.
Changes in wild berry picking in Finland between
1997 and 2011. Scandinavian Journal of Forest
Research 28:586–595.
Vaupel, A., and D. Matthies. 2012. Abundance, repro-
duction, and seed predation of an alpine plant
decrease from the center toward the range limit.
Ecology 93:2253–2262.
Virtanen, R., J. Parviainen, and H. Henttonen. 2002.
Winter grazing by the Norwegian lemming
(Lemmus lemmus) et Kilpisjarvi (NW Finnish
Lapland) during a moderate population peak.
Annales Zoologici Fennici 39:335–341.
Wipf, S., V. Stoeckli, and P. Bebi. 2009. Winter climate
change in alpine tundra: plant responses to
changes in snow depth and snowmelt timing.
Climatic Change 94:105–121.
Young, A. B., D. M. Cairns, C. W. Lafon, and J. Moen.
2014. Geometrid moth outbreaks and their climatic
relations in northern Sweden. Arctic, Antarctic and
Alpine Research 46:659–668.
Zmihorski, M. 2011. Forest inventory data reveal stand
history from 115 years ago. Annales Botanici
Fennici 48:120–128.
Zuur, A. F., E. N. Ieno, N. J. Walker, A. A. Saveliev,
and G. M. Smith. 2009. Mixed effects models and
extensions in ecology with R. Springer, New York,
New York, USA.
 ❖ www.esajournals.org 11 January 2017 ❖ Volume 8(1) ❖ Article e01654
BOULANGER-LAPOINTE ET AL.
